Rice-based Korean meals (bibimbap and kimbap) have lower glycemic responses and postprandial-triglyceride effects than energy-matched Western meals  by Jung, Su-Jin et al.
lable at ScienceDirect
J Ethn Foods 2 (2015) 154e161Contents lists avaiJournal of Ethnic Foods
journal homepage: http: / / journalofethnicfoods.netOriginal articleRice-based Korean meals (bibimbap and kimbap) have lower glycemic
responses and postprandial-triglyceride effects than energy-matched
Western meals
Su-Jin Jung a, Min-Gul Kim b, Tae-Sun Park c, Young-Gon Kim d, Won O. Song e,
Soo-Wan Chae a, b, f, *
a Clinical Trial Center for Functional Foods, Chonbuk National University Hospital, Jeonju, South Korea
b Clinical Trial Center, Chonbuk National University Hospital, Jeonju, South Korea
c Division of Endocrinology and Metabolism, Chonbuk National University Medical School, Jeonju, South Korea
d Department of Urology, Chonbuk National University Medical School, Jeonju, South Korea
e Department of Food Science and Human Nutrition, Michigan State University, East Lansing, MI, USA
f Department of Pharmacology, Chonbuk National University Medical School, Jeonju, South Koreaa r t i c l e i n f o
Article history:
Received 4 October 2015
Received in revised form
12 October 2015
Accepted 29 October 2015
Available online 26 November 2015
Keywords:
bibimbap
glycemic index
insulinogenic index
kimbap
postprandial triglyceride* Corresponding author. Clinical Trial Center for
National University Hospital, 20 Geonjiro, Deokjin-gu
South Korea.
E-mail address: soowan@jbnu.ac.kr (S.-W. Chae).
http://dx.doi.org/10.1016/j.jef.2015.11.002
2352-6181/Copyright © 2015, Korea Food Research Ins
licenses/by-nc-nd/4.0/).a b s t r a c t
Background: The rate of metabolic syndrome (MetS) is exceptionally high in Korea, and the health risks
and dietary implications of MetS have been reported extensively. Although most meals include combi-
nation foods, little is known about metabolic responses to meals containing various foods (such as a
hamburger, which typically includes meat, bread, and vegetables). The purpose of this study was to
compare glycemic responses and postprandial-triglyceride (PTG) concentrations after consuming each of
four test meals: bibimbap, kimbap, pork cutlet, and hamburger.
Methods: A clinical trial was carried out with 32 men using an open 4  4  4 treatment, sequence, and
period crossover design. The blood-glucose concentrations, incremental area under the curve (iAUC),
glycemic index (GI), insulinogenic index, and PTG after each test meal were determined.
Results: The iAUC2h and Cmax responses were proportional to the amount of carbohydrates in the
experimental diets [i.e., higher (p < 0.001) in bibimbap and kimbap than in pork cutlet and hamburger
diets]; however, no differences were observed in the GI response among the experimental diets. The
high-MetS-risk group had increased 4-hour PTG after consumption of pork cutlet and hamburger
(p < 0.001) compared to the Korean meals, although the GI did not differ signiﬁcantly by meal in the
high-MetS-risk group. The consumption of bibimbap and kimbap meals, which contain high amounts of
rice, was not associated with elevated PTG concentrations. By contrast, the glycemic response and PTG
concentrations did increase with consumption of Western-style meals. Furthermore, the PTG concen-
trations were even more elevated in individuals with MetS risks who consumed Western-style meals.
Conclusion: We conﬁrmed that Korean-style meals (bibimbap) lowered the risk of metabolic diseases in
participants with and without MetS. Despite the high-carbohydrate content in Korean meals, the GI and
insulinogenic-index responses did not differ among the diet groups. The lower PTG in Korean diet groups
may suggest a beneﬁcial effect in lowering the risk of many other diet-related chronic diseases.
Copyright © 2015, Korea Food Research Institute, Published by Elsevier. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Rice is a staple food in Korea, and carbohydrate (CHO) intake in
the Korean population has been historically high, accounting forFunctional Foods, Chonbuk
, Jeonju-si, Jeonbuk 561-172,
titute, Published by Elsevier. This is65% of the total energy intake [1]. Several recent studies [2e4]
have shown that high-CHO meals are associated with an
increased risk of metabolic syndrome (MetS), diabetes, obesity,
and cardiovascular diseases. It has also become apparent that the
qualitative aspects of CHO intake are related to MetS risk [5,6]. In
Korea, dramatic increases in the prevalence of obesity and dia-
betes underscore the importance of investigating diet in relation
to MetS. At the same time, traditional Korean-style meals that are
high in CHO have become less popular, while Western-style mealsan open access article under the CC BY-NC-ND license (http://creativecommons.org/
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becoming more common.
The glycemic index (GI) measures biological responses to both
the quantity and quality of CHO-containing foods [7]. The GI is
calculated by comparing the glycemic response to a certain food to
the same amount of CHO in the form of glucose. Several studies [8,9]
reported that foodswith a low GI are likely to improve the control of
blood glucose and lipids, as well as promote insulin sensitivity, and
thus, are beneﬁcial dietary treatments for diabetic patients [10].
Multiple studies [11e14] have recently reported a positive relation-
ship between MetS and the GIs of individual foods. Those studies
reported that foods with a high GI increase the fasting plasma
glucose and hemoglobin A1c [11]; meals with a low GI help type 2
diabetic patients improve their blood glucose [11], increase their
high-density-lipoprotein-cholesterol (HDL-C) levels, and lower their
C-creative protein [12]; meals with low dietary ﬁber and high GI are
likely to increase the risk of diabetes [13,14]; and regularly eating
dinners with a high GI is associated with a 1.56-fold greater risk of
cardiovascular diseases than eating those with low-GI foods [15].
CHO intake has received a large amount of public attention due
to its far-reaching health effects. Traditional Korean diets are
centered on rice, with a high proportion of energy intake derived
from CHO, and thus, many investigations have proposed that the
rapidly increasing prevalence of MetS in Korea is related to tradi-
tional Korean dietary habits. Most of those studies focused on the
GI of single foods, such as white rice, brown rice, sweet potatoes,
noodles, and white bread [16]. Only a few studies reported the GI of
mixed foods [17e19]. Bibimbap, a Korean rice dish with gochujang
and mixed vegetables, is a very popular dish around the world
[20,21]. Also, kimbap is a Korean dish made from steamed white
rice (bap) and various other ingredients, rolled in gim (sheets of
dried laver seaweed), and served in bite-size slices. It is often eaten
during picnics or outdoor events, or as a light lunch.
No studies to date have focused on the metabolic response to
popular Korean combination dishes, such as bibimbap and kimbap.
TheGIs of commonly consumedmeals could beuseful for addressing
public health issues and improving public education about nutrition.
The present study aimed to expand the body of knowledge on
metabolic responses to both Korean-style andWestern-style meals,
with particular interest in the biomarkers for MetS.
2. Materials and methods
2.1. Participants
The participants in the present study were recruited and
selected at the Clinical Trial Center for Functional Foods in Chonbuk
National University Hospital. The research protocols were approved
by the Institutional Review Board of Chonbuk National University
Hospital, Jeonju-si, Korea. All participants provided a written
informed consent and met the following inclusion criteria: 20e40
years of age, body weight over 50 kg, and body weight within ±30%
of their ideal body weight:
ideal body weight ¼ [height (cm)  100]  0.9.
Individuals were excluded if they meet any of the following
criteria: (1) had any current or previous symptoms related to liver,
kidney, nervous system, endocrine, blood tumors, mental disorders,
or cardiovascular diseases; (2) suffered from gastrointestinal dis-
eases (e.g., Crohn's disease) that inﬂuence the assimilation of foods,
or had undergone operations related to gastrointestinal function
(except for such simple operations as appendicitis or herniotomy);
(3) exhibited sensitivity to test meals or had a history of signiﬁcant
clinical oversensitivity; (4) had taken any type of medication orvitamins within 2 weeks prior to the ﬁrst test meals, except when
other conditions were satisfactory based on the investigators'
judgments; (5) participated in other clinical trials within 2 months
prior to the ﬁrst test meals; (6) received a whole-blood transfusion
within 1 month, or a blood-component transfusion within 2 weeks
prior to the ﬁrst test meals; and (7) consumed > 21 drinks per week
or could not abstain during the present trial period.
2.2. Study design
2.2.1. Experimental protocol and test meals
The present study was conducted using an open-label, four-
treatment, four-sequence, and four-period crossover design. The
study groupwas comprised of 32menwhowere randomly assigned
to one of four test meal groups (n ¼ 8 per group): Korean-1
(bibimbap), Korean-2 (kimbap), Western-1 (pork cutlets), and
Western-2 (hamburger). All participants passed several screening
examinations, including a questionnaire on medical-history
checkup, physical checkup, and laboratory tests 4 weeks prior to
theﬁrst testmeal (Day 1), andwere then randomly assigned to a test
group before the ﬁrst test meal. The selected participants were
admitted to the Clinical Trial Center for Functional Foods by 7:00 PM
the day before the 1st day of each experimental period, had a dinner,
and fasted overnight except for free access to water. The experi-
mental protocol was to minimize the variation resulted by the
dinner and physical activities. At 9:00 AM on Day 1 of each experi-
mental period, all participants at fasting state were given control
drinks that contained glucose equivalent to the amount of CHO in
the experimental diet to be followed during the experimental
period. This was to determine the GI of the experimental diet to be
administered during the experimental period. This was to account
for the different amounts of CHO contained in each experimental-
diet regimen. Upon the conclusion of Period 1 with one of the
randomly assigned diet regimens, all participants had 6 days of
resting period before beginning the subsequent randomly assigned
experimental-diet regimens on Day 7, Day 14, and Day 21 for
experimental-diet Period 2, Period 3, and Period 4, respectively
(Fig. 1). The amount of food served in this study might have been
different from those in the participants' typical diet. Table 1 de-
scribes the four test meals in detail: Korean-1 (bibimbap, doenjang
soup, and kimchi), Korean-2 (kimbap, doenjang soup, and kimchi),
Western-1 (pork cutlets, cabbage salad, vegetable soup, and boiled
potatoes), and Western-2 (hamburger, Coke, and French fries;
Fig. 2).Waterwas restricted1hourprior to eachmeal, and testmeals
were offered in the fasting state beginning at 9:00 AM. All meals and
water were to be consumed within 15 minutes from the start.
2.3. Assessments
2.3.1. Blood samples for plasma glucose, serum insulin, and plasma
triglyceride concentrations
After a 12-hour fast, oral glucose and meal tolerance were
measured with antecubital venous blood samples drawn post-
prandial at times 0 minutes, 15 minutes, 30 minutes, 45 minutes, 1
hour, 2 hours, and 4 hours. The concentrations of plasma glucose,
serum insulin, and plasma triglyceride were analyzed with a
biochemical autoanalyzer (Hitachi 760-110 Autoanalyzer, Japan).
Changes in blood glucose were determined by the area under
the curve (AUC) by the trapezoidal method [22] using SAS version
9.2 (SAS Institute, Cary, NC, USA). The GI was calculated as a per-
centage of the AUC for a 2-hour postprandial glycemic response
after eating test meals over that after drinking control drinks
containing glucose, per Jenkins et al [7].
The mean GIs were determined according to the following test
meals:
Fig. 1. Consort ﬂow diagram.
J Ethn Foods 2015; 2: 154e161156GI ¼ (iAUCfood/iAUCglucose)  (weight glucose/weight available CHO
in food)  100;
and
iAUC0e2 h ¼ GI
increased over the lower value during 2 hours to the blood
collection point e iAUC. In case the GI shows a negative increasing
rate, only the area over the curvewas included by connecting to the
last point.
The insulinogenic index (IGI) was calculated as follows:
IGI ¼ (insulin level 30 minutes after meals  insulin level before
meals)/(GI 30 minutes after meals  GI before meals) [23].
2.3.2. Deﬁnition of risk presence of MetS
MetS is a complex disease that is associated with insulin resis-
tance and chronic diseases, such as diabetes, hyperlipidemia, high
blood pressure, stroke, and other cardiac diseases. Individuals were
diagnosed with MetS when they meet more than three of the ﬁve
criteria [24]: (1) abdominal obesity: waist circumference  90 cm;(2) triglyceride (TG)  150 mg/dL; (3) HDL-C < 40 mg/dL; (4)
hypertension  130/85 mmHg; and (5) fasting blood
glucose  100 mg/dL. The participants who meet one or two of the
ﬁve diagnostic criteria were classiﬁed as “at risk.”
2.4. Statistical analysis
Statistical analyses were conducted using SAS 9.2 (SAS Institute)
and SPSS version 18.0 (SPSS Inc., Chicago, IL, USA). All data and
parameters are reported as mean ± standard deviation. Data were
analyzed with general linear model for repeated measures, Krus-
kaleWallis test, and independent t tests of themean. The individual
time points and AUCs were analyzed by analysis of variance with
post hoc Bonferroni multiple comparison tests. The signiﬁcance was
set at p < 0.05 for all statistical analyses.
3. Results
3.1. Clinical characteristics of the participants
The sampling protocols are summarized in Fig. 1. A total of 47
participants were screened and provided a written consent to
participate in the study. Of these, 38 were selected through the
Table 1
Composition of test meals used in the clinical trial.
Test meals Contents Bibimbap Kimbap Pork cutlet Hamburger
Test meals Main menu Total weight (g) 682 682 682 682
Cooked rice (g) 210 210 e e
Bread (g) e e e 70
Eggs (g) 25 50 10 15
Beef (g) 30 40 e 80
Pork (g) e e 90 10
Bread crumbs (g) e e 15
Wheat ﬂour (g) e e 15
Potato starch (g) e e 10
Tomato ketchup (g) e e 10
Carrots (g) 30 20
Cooked spinach (g) 40 30
Seasoned bracken (g) 30 e
Bean sprouts (g) 40 e
Laver (g) e 2
Pickled radish (g) e 15
Cucumber (g) e 20
Burdock (g) e 15
Soy sauce (g) 3
Kochujang (g) 10 e
Sesame oil (mL) 4 3
Soybean oil (mL) 3 5 5 4.5
Roasted sesame seeds (g) 0.5
Salt (g) 0.5 0.5 1
Green onion (g) 2
Side menu Doenjang soup (g) 100 100
Kimchi (g) 60 60
Steamed potato (g) 130
Lettuce salad (g) 100
Vegetable soup (g) 100
Coke (g) 150
Fried potato (g) 130
Nutrients Energy (kcal) 588.0 599.0 602.0 586.0
Total carbohydrates (g) 86.1 83.1 66.4 63.2
Protein (g) 24.7 27.7 28.4 30.6
Lipids (g) 16.5 17.1 25.3 23.2
Fiber (g) 11.1 9.3 5.3 4.2
Control drink Glucose solvent (g) (100 g/200 mL) 172.2 166.2 132.8 126.4
Water (g) 682.0 682.0 682.0 682.0
S.-J. Jung et al / Rice-based Korean meals 157participant standard tests. Subsequently, four participants with-
drew consent and two participants were excluded for not meeting
the selection criteria. Finally, 32 participants were randomly
assigned participant IDs to determine which test meals they would
receive. The characteristics of the participants are shown in Table 2.
The mean age was 23.9 ± 1.5 years, and the mean weight was
64.8 ± 6.3 kg, with signiﬁcant differences in body mass index,
circumference, systolic blood pressure, diastolic blood pressure,
insulin, blood urea nitrogen, creatinine, TC, HDL-C, and TG among
the groups.3.2. Plasma glucose and serum-insulin parameter
The postprandial plasma glucose and serum-insulin levels
before and after the test meals are shown in Table 3. The time (Tmax)
to reach the maximum plasma-glucose levels after meals did not
differ signiﬁcantly among the test meal groups, but the maximum
plasma-glucose levels differed in the following order:
kimbap > bibimbap > hamburger > pork cutlets (p < 0.001). The
order was the same as the amount of the CHO in the experimental
meals. The GI and the AUCs of the test meals from 0 hours to 2
hours did not differ signiﬁcantly among the test meal groups
(p ¼ 0.699). The glucose iAUC2h and insulin iAUC2h after the control
drinks were signiﬁcantly different among the test meal groups. The
average GI showed no difference among the four groups. No sig-
niﬁcant differences were observed in the iAUC at 0e30 minutes,
0e45 minutes, or 0e1 hour (p ¼ 0.146, p ¼ 0.129, and p ¼ 0.059,respectively). The post hoc tests revealed signiﬁcantly lower insulin
levels in the bibimbap group than in the kimbap group (p < 0.001).
The insulin levels were also signiﬁcantly lower in the pork-cutlet
group compared to the kimbap group, and in the hamburger
group compared to the kimbap group (p < 0.001).
3.2.1. Insulinogenic index
The IGI at 15-minute postmeal did not differ among the test
meal groups (p ¼ 0.125); the post hoc tests of postprandial de-
velopments of IGI30min showed signiﬁcant differences among the
test meal groups (p ¼ 0.014). There was a signiﬁcantly greater in-
crease in IGI30min in the pork-cutlet group compared to the bibim-
bap and kimbap groups (Fig. 3).
3.3. Postprandial-triglyceride response
The postprandial-triglyceride (PTG) responses 4 hours after the
test meals are shown in Fig. 4. The responses were signiﬁcantly
higher in the kimbap group compared to the bibimbap group, and in
the pork-cutlet group compared to the hamburger group
(p < 0.001).
3.4. GI, IGI, and PTG responses in participants with MetS
The relative GI and IGI were compared in participants with and
without MetS for each of the four test meals. The GI, IGI, and insulin
levels were not signiﬁcantly different for any of the testmeals when
Fig. 2. Test meals used in the clinical trial.
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However, changes of PTG levels 4 hours after the test meals were
signiﬁcantly higher for individuals in the MetS group who ate pork
cutlets and hamburger (p < 0.05), but did differ in the MetS group
who consumed bibimbap and kimbap test meals (Fig. 5).
4. Discussion
The standardized one-serving experimental meals had different
amounts of CHO: 86.1 g of CHO in the bibimbap, 83.1 g in the
kimbap, 66.4 g in the pork cutlets, and 63.2 g in the hamburger.
Although the Korean meals (bibimbap and kimbap) were high in
CHO, the GI did not differ from that of theWestern-style meals that
are lower in CHO content, likely due to the qualitative aspects of the
CHO. Generally, GI is inﬂuenced by the structure of CHO, dietary
ﬁber, and the presence of digestive-enzyme inhibitors [25]. Meals
that include a variety of vegetables increase the nutritive values
with rich phytochemicals and other food components that promote
health [26]. Bibimbap and kimbap, two popular meals in Korea, are
high in both CHO and dietary ﬁber, which can slow the glycemic
response [20].
Since the CHO contents in the Korean meals used in this study
were signiﬁcantly higher than those in the Western meals, as ex-
pected, the iAUC2h and Cmax were higher in the Korean meals than
in the Western meals proportional to the amount of CHO in the
experimental diets [i.e., higher (p < 0.001) in bibimbap and kimbap
than in pork-cutlet and hamburger diets]; however, no differences
were observed in the GI response among the experimental diets.
The glycemic responses to high-GI meals peak within 2 hours
postprandial with high insulin secretion, and then drop to premeal
levels, thus increasing the risk of low glycemic state. In contrast,low-GI meals lead to small areas under the glycemic response curve
with low insulin levels, and thus, are associated with lower hypo-
glycemic risks [27].
We found that the GI of bibimbap was high (GI ¼ 83), but lower
than that of white rice (GI ¼ 86) [28]. The GI of bibimbap was
relatively high because the test was conducted using one-serving
size of bibimbap. In contrast to the usual protocol of determining
GI with 50 g CHO, in this study, we used control drinks containing
glucose in the amount that was equivalent to the amount of CHO in
each experimental meal. Then, each participant consumed the
respective experimental meals containing complex CHO and other
food elements (such as dietary ﬁber) that affect the GI. This
experimental protocol was considered important, particularly each
experimental meal contained different amounts of CHO from
different sources (i.e., rice vs. wheat ﬂower) along with different
amounts and sources of other ingredients that inﬂuence the GI.
High-GI diets and high-fat diets are known to increase the risk of
diabetes, and thus, low-fat diets have been recommended for the
management of diabetes. Saturated-fat intake is also associated
with elevated low-density-lipoprotein-cholesterol levels, which
could trigger the risk of inﬂammation and cardiovascular diseases
[29].
In 2011, Hettiaratchi et al [19] reported an inverse association
between GI and dietary-ﬁber content in high-CHO meals. In our
study, the 4-hour PTG level was signiﬁcantly lower after con-
sumption of Korean meals in contrast to Western meals.
The long-term consumption of high-fat diets increases the PTG
responses and visceral fat, which allows free fatty acids to ﬂow into
the portal vein. This inﬂux of fatty acids inhibits the bonding of
insulin receptors and insulin, which decreases the amount of
removed insulin in the liver, ultimately causing hyperinsulinemia at
Table 2
Baseline data of participants at the initiation of the ﬁrst test meal group.
Variable Health (n ¼ 18) Risk (n ¼ 14) Total (n ¼ 32) py
Age (y) 24.0 ± 1.5* 23.8 ± 1.5 23.9 ± 1.5 0.500
Body weight (kg) 64.6 ± 6.1 65.1 ± 6.5 64.8 ± 6.3 0.173
Height (cm) 174.3 ± 5.7 173.4 ± 4.6 173.9 ± 5.3 0.497
BMI (kg/m2) 21.2 ± 1.2 21.6 ± 1.8 21.4 ± 1.5 0.034
Waist circumference (cm) 97.3 ± 5.8 99.2 ± 6.2 98.2 ± 6.0 0.048
Glucose (mg/dL) 87.9 ± 4.3 89.0 ± 6.3 88.3 ± 5.6 0.103
SBP (mmHg) 104.1 ± 7.7 107.7 ± 9.9 106.2 ± 8.8 0.002
DBP (mmHg) 67.7 ± 6.8 73.4 ± 8.5 70.4 ± 7.7 0.001
Insulin (mIU/mL) 4.3 ± 1.9 5.0 ± 2.2 4.7 ± 1.7 0.010
BUN (mg/dL) 13.5 ± 2.5 14.6 ± 4.2 13.7 ± 2.8 0.048
Creatinine (mg/dL) 0.96 ± 0.1 0.98 ± 0.1 0.97 ± 0.1 0.001
Total cholesterol (mg/dL) 149.2 ± 26.3 157.1 ± 23.8 153.2 ± 25.1 0.001
HDL-C (mg/dL) 51.1 ± 6.7 46.5 ± 8.4 48.8 ± 7.7 0.001
TG (mg/dL) 81.6 ± 17.8 124.1 ± 30.1 102.9 ± 23.9 0.001
BMI, body mass index; BUN, blood urea nitrogen; DBP, diastolic blood pressure;
HDL-C, high-density-lipoprotein cholesterol; SBP, systolic blood pressure; TG,
triglyceride.
* Data are presented as mean ± standard deviation.
y By independent t test.
Fig. 3. Insulinogenic index after test meals. (IGI15min p ¼ 0.125; IGI30min p ¼ 0.014). IGI,
insulinogenic index.
S.-J. Jung et al / Rice-based Korean meals 159the peripheral tissues [30]. Furthermore, the inhibition mechanism
of gluconeogenesis is hindered by circulating free fatty acids [31],
and the oxidation of free fatty acids is stimulated to trigger insulin
resistance through the Randle cycle to inhibit insulin-mediated
glucose uptake [32].
When compared to healthy participants, those with MetS did
not show differences in GI, IGI, and blood-insulin levels. However,
the participants withMetS did exhibit exaggerated PTG responses 4
hours after consuming the pork-cutlet meal and the hamburger
meal, compared to those after consuming the bibimbap and kimbap
meals. This suggests that the metabolic response of signiﬁcantly
elevated PTG in response to high-fat Western meals occurred only
in the groupwithMetS risks. Interestingly, healthy participants and
individuals with MetS risks had no differences in metabolic re-
sponses among the experimental meals. Several biologicalTable 3
Blood-glucose parameters, glycemic indices, and insulin indices by test meal.
Test meals Bibimbap K
Blood-glucose parameters
Glucose2h (mU/mL) Control 126.3 ± 31.2 126.
Test meal 110.3 ± 22.4 120.
Tmax (min)* Control 45.5 (30e120) 45.0
Test meal 31.0 (29e62) 45.0
Cmax (mg/dL)y,z Control 77.3 ± 24.19 80.7
Test meal 65.7 ± 13.9b 70.1
iAUC2h (min/mg/dL) Control 57.4 ± 21.9b 61.6
Test meal 43.7 ± 13.3b 50.7
Glycemic index
GI30m 115.2 ± 57.8 91.1
GI45m 104.2 ± 38.5 97.8
GI1h 94.8 ± 33.8 99.2
GI2h 83.0 ± 32.3 95.4
Insulin indicesz
Insulin2h (mU/mL) Control 49.1 ± 25.2c 41.3
Test meal 39.4 ± 16.4b 52.4
Tmax (min)* Control 45 (15e120) 45 (
Test meal 45 (15e121) 45 (
Cmax (mU/mL) Control 67.7 ± 27.1 67.5
Test meal 78.3 ± 29.8 79.0
iAUC2h (min/mU/mL) Control 50.8 ± 21.5b 49.7
Test meal 54.9 ± 19.1b 63.5
Data are presented as mean ± standard deviation or mean (range).
GI, glycemic index; iAUC, incremental area under the curve.
* Tmax statistic: median [minimum e maximum value], KruskaleWallis test.
y Cmax: peak concentration, KruskaleWallis test.
z Mean values with different superscripts (aec) in a row are signiﬁcantly different at pmechanisms provide a plausible explanation for the association
between PTG levels and cardiovascular disease [33]. Recent evi-
dence shows that insulin resistance and visceral obesity are not
only a result of impaired PTG clearance [34], but also induce
postprandial dyslipidemia by increasing the enterocytic production
of chylomicrons and their remnant particles [35,36]. After food
consumption, triglycerides are transported from the small intestine
via chylomicrons through the bloodstream. Lipolysis of the tri-
glycerides within chylomicrons, by activating the lipoprotein lipase
in tissues, transforms these particles into atherogenic, triglyceride-
rich remnant lipoproteins. Elevated PTG levels, reﬂecting either a
higher peak level or a delay in clearance of triglyceride-rich parti-
cles, can lead to an accumulation of these atherogenic particles [37].
Furthermore, the MetS group showed a much higher peak PTG
response, greater volume, and higher concentration for a longer
time in comparison to healthy participants. When three meals a
day are consumed, patients with MetS would be in a nonfasting orimbap Pork cutlet Hamburger p
8 ± 34.5 102.4 ± 22.2 102.1 ± 00.4 0.241
4 ± 21.5 105.2 ± 18.2 101.3 ± 14.1 0.546
(15e62) 45.0 (30e63) 45.0 (17e120) 0.501
(30e120) 40.0 (15e61) 30.0 (15e45) 0.019
± 30.0 74.1 ± 25.4 79.9 ± 23.4 0.365
± 16.1c 56.5 ± 17.2a 58.5 ± 16.6a <0.001
± 28.6b 49.9 ± 21.8a 52.9 ± 20.0a 0.020
± 15.9c 38.2 ± 14.1a 35.6 ± 14.6a <0.001
± 37.6 98.2 ± 59.5 95.8 ± 44.8 0.146
± 34.4 85.7 ± 28.0 91.1 ± 39.8 0.129
± 41.4 79.8 ± 24.7 83.3 ± 39.6 0.059
± 42.6 86.4 ± 42.7 82.7 ± 80.5 0.699
± 24.3c 30.2 ± 14.3b 20.2 ± 12.5a <0.001
± 21.2c 39.2 ± 14.6b 32.4 ± 12.7a <0.001
30e120) 31 (16e61) 40 (18e62) 0.953
30e120) 45 (15e121) 30 (15e60) 0.168
± 31 58.9 ± 27.3 62.5 ± 24.6 0.177
± 36.4 79.0 ± 34.2 70.9 ± 24.1 0.248
± 21.1b 39.9 ± 16.9a 40.5 ± 14.3a <0.001
± 28.3c 52.5 ± 18.2b 47.6 ± 13.2a <0.001
< 0.05 by Bonferroni multiple-range test.
Fig. 4. Change of postprandial plasma triglyceride concentrations 4 hours after test
meals of participants. (Bibimbap vs. kimbap, p ¼ 0.010; bibimbap vs. pork cutlets,
p ¼ 0.005; bibimbap vs. hamburger, p < 0.001; kimbap vs. pork cutlets, p < 0.001;
kimbap vs. hamburger, p < 0.001; pork cutlets vs. hamburger, p ¼ 0.014).
J Ethn Foods 2015; 2: 154e161160hypertriglyceridemic state all day, except for a few hours in the
morning. Considering that the risk of atherosclerosis increases with
age, people with MetS risks will likely have higher risks of chronic
diseases if they continue to consume Western-style meals for
extended periods. Recent studies have shown that individuals with
high PTG 2e4 hours after consuming high-fat meals are at high risk
for developing cardiovascular diseases, cerebral infarction [33], and
ischemic heart disease [38]. Furthermore, other studies have found
that PTG responses are better predictors of chronic-disease risk
than fasting triglyceride levels [27,34]. Eating a high-fat diet over
the long term can increase the PTG responses, and thus, increase
the risk for cardiovascular diseases [37]. The association between
diet and chronic diseases is further exacerbated in individuals with
MetS risks. These ﬁndings suggest that individuals with MetS risks
may need individualized dietary guidance and treatment plans.
Both the quantity and quality of CHO intake are important risk
factors for MetS. Thus, dietary guidelines should promote good
dietary behaviors focused on the amount and quality of CHO, with
an emphasis on using whole grains in bibimbap and kimbap.
The goal of this study was to explore how different types of
meals affect the metabolic responses in individuals with and
without MetS risks. This study is limited in that the sample size was
small and included only Korean men. Thus, the ﬁndings may not be
applicable to the general population. In addition, the serving sizesFig. 5. Change of plasma triglyceride concentrations 4 hours after test meals, by
participant group. (Pork cutlets: healthy group vs. risk group, p ¼ 0.011; hamburger:
healthy group vs. risk group, p ¼ 0.019).were not standard. Future studies should use typical serving sizes,
which would make the ﬁndings regarding healthy blood glucose
and PTG responses more relevant.
In summary, we conﬁrmed that popular Korean meals, such as
bibimbap and kimbap, are high in CHO, but the GI is not a signiﬁcant
difference when compared to Western-style meals. The PTG re-
sponses of individuals with MetS risks increased when they
consumed Western-style meals, but not when they consumed
Korean-style meals.
We provide clear evidence that individual metabolic responses
to diet depend on the type of meal (traditional Korean vs. Western
style), and also depend on participant risk factors (with and
without MetS risks). Hence, the entire population can beneﬁt from
healthy dietary practices, but individualized dietary counseling also
plays an important role, particularly in individuals with certain risk
factors. Additional studies are needed to investigate the variability
of metabolic responses to different meals among MetS risk groups.
In conclusion, these physiological responses and lower PTG
observed after Korean meals were consumed may suggest a
beneﬁcial effect in lowering the risks of many other diet-related
chronic diseases, especially when Korean meals are consumed
habitually by Koreans.
Conﬂicts of interest
All authors have no conﬂicts of interest to declare.
Acknowledgments
This study was supported by grants from the Ministry for Food,
Agriculture, Forestry and Fisheries (20080410496-00).
References
[1] Song Y and Joung H. A traditional Korean dietary pattern and metabolic
syndrome abnormalities. Nutr Metab Cardiovasc Dis 2012;22:456e62.
[2] Ahn Y, Park SJ, Kwack HK, Kim MK, Ko KP and Kim SS. Rice-eating pattern and
the risk of metabolic syndrome especially waist circumference in Korean
Genome and Epidemiology Study (KoGES). BMC Public Health 2013;13.
[3] McKeown NM, Meigs JB, Liu SM, Rogers G, Yoshida M, Saltzman E and
Jacques PF. Dietary carbohydrates and cardiovascular disease risk factors in
the Framingham offspring cohort. J Am Coll Nutr 2009;28:150e8.
[4] Ma XY, Liu JP and Song ZY. Glycemic load, glycemic index and risk of car-
diovascular diseases: meta-analyses of prospective studies. Atherosclerosis
2012;223:491e6.
[5] Gaesser GA. Carbohydrate quantity and quality in relation to body mass index.
J Am Diet Assoc 2007;107:1768e80.
[6] McKeown NM, Liu E, Meigs JB, Rogers G, D'Agostino R and Jacques P. Carbo-
hydrate-related dietary factors and plasma adiponectin levels in healthy
adults in the Framingham offspring cohort. FASEB J 2009;23.
[7] Jenkins DJ, Wolever TM and Jenkins AL. Starchy foods and glycemic index.
Diabetes Care 1988;11:149e59.
[8] Lagerpusch M, Enderle J, Eggeling B, Braun W, Johannsen M, Pape D, Muller MJ
and Bosy-Westphal A. Carbohydrate quality and quantity affect glucose and
lipid metabolism during weight regain in healthy men. J Nutr 2013;143:
1593e601.
[9] Boden G, Sargrad K, Homko C, Mozzoli M and Stein TP. Effect of a low-
carbohydrate diet on appetite, blood glucose levels, and insulin resistance in
obese patients with type 2 diabetes. Ann Intern Med 2005;142:403e11.
[10] Livesey G and Tagami H. Interventions to lower the glycemic response to
carbohydrate foods with a low-viscosity ﬁber (resistant maltodextrin): meta-
analysis of randomized controlled trials. Am J Clin Nutr 2009;89:114e25.
[11] Murakami K, Sasaki S, Takahashi Y, Okubo H, Hosoi Y, Horiguchi H, Oguma E
and Kayama F. Dietary glycemic index and load in relation to metabolic risk
factors in Japanese female farmers with traditional dietary habits. Am J Clin
Nutr 2006;83:1161e9.
[12] Levitan EB, Cook NR, Stampfer MJ, Ridker PM, Rexrode KM, Buring JE,
Manson JE and Liu S. Dietary glycemic index, dietary glycemic load, blood
lipids, and C-reactive protein. Metabolism 2008;57:437e43.
[13] Schulze MB, Liu S, Rimm EB, Manson JE, Willett WC and Hu FB. Glycemic
index, glycemic load, and dietary ﬁber intake and incidence of type 2 diabetes
in younger and middle-aged women. Am J Clin Nutr 2004;80:348e56.
[14] Lee EJ, Kim JY, Kim do R, Kim KS, Kim MK and Kwon O. Glycemic index of
dietary formula may not be predictive of postprandial endothelial
S.-J. Jung et al / Rice-based Korean meals 161inﬂammation: a double-blinded, randomized, crossover study in non-diabetic
subjects. Nutr Res Pract 2013;7:302e8.
[15] Denova-Gutierrez E, Huitron-Bravo G, Talavera JO, Castanon S, Gallegos-
Carrillo K, Flores Y and Salmeron J. Dietary glycemic index, dietary glycemic
load, blood lipids, and coronary heart disease. J Nutr Metab 2010;2010.
[16] Kim HY, Hong SG, Hwang SJ, Mok CK, Park MH and Lee JY. Effect of saengshik
on blood response in healthy subjects. J Korean Soc Food Sci Nutr 2007;36:
1553e9.
[17] Chen YJ, Sun FH, Wong SH and Huang YJ. Glycemic index and glycemic load of
selected Chinese traditional foods. World J Gastroenterol 2010;16:1512e7.
[18] Robert SD and Ismail AA. Glycemic responses of patients with type 2 diabetes
to individual carbohydrate-rich foods and mixed meals. Ann Nutr Metab
2012;60:27e32.
[19] Hettiaratchi UP, Ekanayake S and Welihinda J. Sri Lankan rice mixed meals:
effect on glycaemic index and contribution to daily dietary ﬁbre requirement.
Malays J Nutr 2011;17:97e104.
[20] Chung KR, Yang HJ, Jang DJ and Kwon DY. Historical and biological aspects of
bibimbap, a Korean ethnic food. J Ethn Foods 2015;2:74e83.
[21] Lee YE. Characteristics of soybean sprout locally cultivated in the Jeonju re-
gion, used for bibimbap and kongnamul-gukbap. J Ethn Foods 2015;2:84e9.
[22] Leﬂoch JP, Escuyer P, Baudin E, Baudon D and Perlemuter L. Blood-glucose
area under the curvedmethodological aspects. Diabetes Care 1990;13:172e5.
[23] Wareham NJ, Phillips DI, Byrne CD and Hales CN. The 30 minute insulin in-
cremental response in an oral glucose tolerance test as a measure of insulin
secretion. Diabet Med 1995;12:931.
[24] Grundy SM, Cleeman JI, Daniels SR, Donato KA, Eckel RH, Franklin BA,
Gordon DJ, Krauss RM, Savage PJ and Smith Jr SC, et al. Diagnosis and man-
agement of the metabolic syndrome: an American Heart Association/National
Heart, Lung, and Blood Institute scientiﬁc statement. Circulation 2005;112:
2735e52.
[25] Morris KL and Zemel MB. Glycemic index, cardiovascular disease, and obesity.
Nutr Rev 1999;57:273e6.
[26] Jacobs Jr DR and Steffen LM. Nutrients, foods, and dietary patterns as expo-
sures in research: a framework for food synergy. Am J Clin Nutr 2003;78:
508Se13S.[27] Roberts SB. High-glycemic index foods, hunger, and obesity: is there a
connection? Nutr Rev 2000;58:163e9.
[28] Jung EY, Suh HJ, Hong YH, Lee IY, Kim DG, Kim MO and Chang UJ. Effects of
glycemic index for boiled white rice and boiled white rice mixed with grains
on food consumption and satiety rate. J Korean Diet Assoc 2009;15:179e87.
[29] Browning LM and Jebb SA. Nutritional inﬂuences on inﬂammation and type 2
diabetes risk. Diabetes Technol Ther 2006;8:45e54.
[30] Hennes MM, Shrago E and Kissebah AH. Receptor and postreceptor effects of
free fatty acids (FFA) on hepatocyte insulin dynamics. Int J Obes 1990;14:
831e41.
[31] Williamson JR, Browning ET and Scholz R. Control mechanisms of gluconeo-
genesis and ketogenesis. I. Effects of oleate on gluconeogenesis in perfused rat
liver. J Biol Chem 1969;244:4607e16.
[32] Haffner SM, Valdez RA, Hazuda HP, Mitchell BD, Morales PA and Stern MP.
Prospective analysis of the insulin-resistance syndrome (syndrome X). Dia-
betes 1992;41:715e22.
[33] Bansal S, Buring JE, Rifai N, Mora S, Sacks FM and Ridker PM. Fasting compared
with nonfasting triglycerides and risk of cardiovascular events in women.
JAMA 2007;298:309e16.
[34] Couillard C, Bergeron N, Prud'homme D, Bergeron J, Tremblay A, Bouchard C,
Mauriege P and Despres JP. Postprandial triglyceride response in visceral
obesity in men. Diabetes 1998;47:953e60.
[35] Pang J, Chan DC, Barrett PH and Watts GF. Postprandial dyslipidaemia and
diabetes: mechanistic and therapeutic aspects. Curr Opin Lipidol 2012;23:
303e9.
[36] Suryabhan LL, Chandrashekhar MI, Ratnendra RS and Prerna DN.
A comparative study on the fasting and the postprandial dyslipidaemia in
type 2 diabetes mellitus. J Clin Diagn Res 2013;7:627e30.
[37] Ginsberg HN. New perspectives on atherogenesis: role of abnormal
triglyceride-rich lipoprotein metabolism. Circulation 2002;106:2137e42.
[38] Freiberg JJ, Tybjaerg-Hansen A, Jensen JS and Nordestgaard BG. Non-fasting
triglycerides and risk of ischemic stroke in the general population. JAMA
2008;300:2142e52.
